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In  this  report  a  ewmmrj  is  given  of  the  work  done  during 
the  second  year  of  a  Research  and  Development  Study  on  Stress^ train 
Characteristics  of  Shells  and  High  Explosives » 

In  the  summary  of  the  first  year's  work,  it  was  pointed 
out  that  the  ordnance  design  engineer,  in  coamon  with  all  engineers, 
is  often  required  to  develop  systems  for  which  analytic  design 
procedures  are  not  available  and  he  must  consequently  call  upon  his 
resources  in  the  art  of  design  to  carry  through  his  assignments * 

As  analytic  procedures  based  on  general  physical  laws  are  developed 
for  ordnance  problems,  the  engineer  is  able  to  move  from  the  art  of 
design  to  rational  design  and  consequently  to  perform,  his  work  more 
efficiently  and  precisely* 

The  basic  purpose  of  this  study  has  been  to  investigate 
and  develop  rational  procedures  for  the  design  of  artillery  shells* 
During  the  two  years  that  this  study  has  been  underlay,  the 
following  reports  have  been  prepared? 

TE  X»1  Experimental  Procedures  for  Determining  Shear  and 

Dilatations!  Viscosities  of  Shell  Filler  Materials  *  By 
W.  Dunkia  and  R*  Co  Geldmacher,  January  1959 » 

TE  1®2  Axisymmetrical  Buckling  of  Conical  Shells  Under  Inertia 
Loading*  By  A*  C*  Eringen,  April  1959° 

TR  1~5  Stress  Analysis  of  a  Thin  Cylindrical  Shell  with  Flat 
Base*  By  A*  C*  Eringen,  April  1 959° 


x 


General  Technology  Corporation 


TE  1-4  Longitudinal  and  Tbrsional  Vibration  of  Internally  Lamped 
Cylindrical  Bars  with  Attached  Mssses0  By  3»  Wo  Dnnkin, 

May  1959 o 

IS  1»5  A  Procedure  for  Computation  of  Stresses  in  Plat  Base 
Shells 0  By  EU  P«  Jordan,  J„  Co  Samuels,  Jo  Wo  Ifehkin, 
and  Ao  Co  Eringen,  July  1959 » 

TS  1-6  On  the  Axlsymmetric  Displacements  and  Stresses  of  a  Long, 
Thick  Cylindrical  Shell  Under  Axisymmetric  Loads «  By 
Ao  Co  Eringen,  M0  M»  Stasis! c,  and  R®  JB  Jezik,  July  1959° 

TR  3.-7  Stress  Analysis  of  a  Thin  Cylindrical,  Shell  with  Flat  Base 
and  Springy  Filler 0  By  L.  V.  Kline,  August  1959° 

TR  1-8  Vibrations  of  an  Accelerating  V iseo-Elas tic  Rod.,  By 
Ao  Co  Eringen  and  Jo  ¥»  Duhkin,  July  1959° 

TR  1-9  Stress  Analysis  of  Flat  Base  Shell  Filled  with  a  Springy 
Velocity  Damped  Filler »  By  Jo  C„  Samuels,  February  I96O0 

TW  1-5  Approximations  for  Scaling  a  Flat  Base  Shell  from  Titanium 
to  Steel 0  By  Jo  Wo  Buhkln,  Ao  Co  Eringen,  and  Ro  Co 
Geldmacher,  February  196O0 

TE  1-3.0  Thermal  Stresses  in  Concentric  Sperical  Layers  0  By  M°  Mo 
Sta.ais.ic,  Ao  Co  Eringen,  and  Ro  Jo  Jezik,  February  196O0 

TR  1-13.  Long  Cylindrical.  Shell  with  Visco-Elastic  Filler »  By  Ao  C0 
Eringen,  February  I96O0 

TR  1-12  Experimental'  Investigation  of  Visco-Elastic  Properties  of 
Filler  Materials „  By  J°  Wo  Diankin  and  To  Mo  Roach  Jr«, 
February  I96O0 

TR  1-13  Measurements  of  Gun  and  Shell  Strains  During  Firing  °  By 
Ro  Co  Geldmacher  and  To  Mo  Roach  Jr®,  February  X96O0 
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TB  l»l4  Final  Report  (Phase  1)  Research  and  Development  Study  on 

Stress -Strain  Characteristics  of  Shells  and  High  Explosives o 
By  R»  Co  Geldmaeh.er  and  A®  Co  Erlngen,  February  196 0„ 

®  I-!!-  A  Simplified  Stress  Analysis  of  Two-Piece  Shell  with  Flat 
Baser  By  Ho  F»  Jordan#  A*  Jones#  and  Jo  W»  Dunkin#  August 
196O0 

TR  1=45  Calculations  on  the  Axisymmet-rie  Displacements  and  Strains 
of  a  Long#  Thick  Cylindrical  Shell  Under  Axisymmetric  Loads « 
By  Ro  Jo  Jezik  and  fL  Fo  Jordan,  May  196X0 

TR  1-16  An.  Elast-ic®Plastle  Analysis  of  a  Tbln4felled  Circular 
Cylinder  under  Axially  Symmetric  Loading*  By  A*  Jones# 

Ao  Co  Eringen..  and  M®  Mo  St  anisic#  May  ±$6±0 

TS  1-17  Procedure  for  Development  of  a  Digital  Computer  Program 
for  Flat  Base  Shell  Analysis*  By  R»  C»  Geldmacher  and 
To  Mo  Roach  Jr«#  June  I96I0 

TH  1*4.8  The  Deformation  of  Filled  Sheila  During  Firing*  By  R*  Co 
Geldmscher  and  To  M*  Roach  Jr*#  July  I96I0 

TR  1-19  Summary  Report#  Research  and  Development  Study  on  Stress- 
Strain  Characteristics  of  Shells  and  High  Explosives »  By 
Ro  Co  Geldmscher  and  A»  C.  Erlngea#  July  1961,. 

The  81  reports  listed  above  along  with  previously  reported 
investigations  [1|#  [2]#  [3L  [4]#  [5]1  represent  an  integrated 
approach  to  a  study  of  stress-strain  characteristics  of  shells  mid 
high,  explosives  *  The  over-all  problem  is  one  of  considerable 
complexify  and  substantial  progress  has  been  made  and  important  new 
analytical  tools  are  now  available  to  the  ordnance  engineer* 

\umbers  in  square  brackets  designate  references  listed  at  the  end 
of  this  report* 
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A  complete  experimental  and  theoretical  elastic  analysis 
has  been  made  of  the  fist  base  shell  and  a  procedure  for  programming 
the  analysis  on.  a  digital  computer  has  been  provided*  This  work  is 
contained  In  TR  1-3 j »  TE  X"5*  TN  1*»3*  ®  1«4,  TR  1«13,  TS  1-17*  and 
TR  l-l8»  The  engineer ,  therefore ,  now  has  techniques  for  thorough 
analysis  of  his  designs  and  with  the  digital  computer  procedure,  a 
means  of  analyzing  his  designs  in  a  matter  of  minutes  #  With  these 
new  tools  he  should  be  able  to  develop  end  items  which  will,  be  less 
costly  to  produce  and  which  will  perform  their  intended  functions 
more  efficiently# 

Excellent  progress  has  also  been  made  under  the  present 
contract  on  three  principal  remining  problems,  namely:  the 
behavior  of  filler  materials,  the  interaction  between  filler  and 
shell,  and  yielding  of  the  shell  In  the  vicinity  of  the  rotating 
band® 

In  the  present  report  a  summary  is  given  of  work  dose 
under  the  current  contract  extension*  This  includes  procedures 
for  using  the  digital  computer  in  flat  base  shell  analysis,  the 
study  of  yielding  of  shells  in  the  vicinity  of  the  rotating  band, 
study  of  the  interaction  between  filler  and  shell,  preparation  of 
design  curves  for  thick  wall  tabes  with  ring  loading,  a  simplified 
stress  analysis  of  a  two-piece  shell  with  flat  base,  and  considera¬ 
tion  of  the  desirability  of  securing  a  triaxlal  test  machine  for 
determining  filler  properties 
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DIGITAL  COMPUTER  PROGRAM  FOE  AHAIXSIS 
OF  ©SOT  FIAT  BfLSS  SHELLS 


The  analysis  of  flat  ba.se  shells  presented  in.  TE  1-3 
(April  1959)  has  been  developed  in  TK  1»1?  (June  19&L)  into  a 
step  by  step  procedure  for  digital  computer  calculation  of 
elastic  displacements  and  stresses  in  the  shell  mils  and  base  <> 
The  engineer  need  only  present  geometry*  magnitude  of 
loading*  and  material  properties  to  the  digital  computing  center 
in  order  to  obtain  a  complete  analysis  of  his  shell  design » 

At  the  present  time  only  the  analysis  of  an  eiaj>ty  shell 
has  been  provided  because  experimental  work  concerning  the  effect 
of  fillers  is  still  in  progress*  However,  all  steps  in  the 
computation  which  are  common  for  both  filled  and  unfilled  shells 
have  been  put  down  in  anticipation  of  the  time  when  the  expert* 
mental  work  will  be  completed* 

The  geometry  of  the  shell,  and  distribution  of  loading 
is  shown  on  page  6*  In  this  figure*  P  is  gas  pressure*  P,  is 
hand  pressure,  and  kw  is  the  filler  restoring  force* 

The  analysis  of  the  problem  requires  the  simultaneous 
solution  of  the  three  differential  equations  for  the  cylindrical 
bays  and  the  differential  equation  fox’  the  base.  In  the  process 
of  solving  these  equations,  it  becomes  necessary  to  solve  a  set 
of  14  simultaneous  algebraic  equations  of  which  thx’ee  are  non® 
linear* 

The  solution  of  the  14  equations  is  obtained  by  means 
of  a  procedure  which  begins  with. the  inversion  of  two  21  by  11 
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matrices  from  which  an  approximate  mine  for  the  14  required 
quantities  i Bay  be  obtained®  Once  the  approximate  values  have 
been  obtained,  a  cylical  process  is  used  to  refine  the 
approximations  0 


YIELDING  OF  SHELL  2H  VICINITY  OF  ROTATING  BAND 

There  is  substantial  evidence  that  standard  shell  designs 
yield  in  the  vicinity  of  the  rotating  band  during  firing  [4],  [5l ° 
There  is  further  evidence  that  such  local-  yielding  is  not  necessarily 
detrimental  to  the  performance  of  filled  shells  since  fillers  do  not 
ordinarily  constrain  the  deflection  of  the  shell  mils  even  when 
large  deflections  occur  (see  TR  1»X5  and  TR  l~l8) , 

Thus,  an  analysis  of  yielding  in  the  vicinity  of  the 
rotating  band  is  ©f  considerable  importance  to  the  ordnance  engineer 
since  it  would  permit  hint  to  develop  rational  designs  that  could 
incorporate  local  yielding  in  a  my  that  could  lead  to  a  reduction 
in  the  amount  of  material  used  in  the  manufacture  of  shells  „ 

In  TR  l~l£  is  presented  an  elastic^plastic  analysis  of  a 
thin°walled  circular  cylinder  under  axially  symmetric  loading  <,  The 
analysis  assumes  an  incompressible  media,  a  condition  of  plane  stress, 
a  stress  distribution  as  shorn  on  page  8,  and  a  Treses  yield  criteria  0 
A  noa«=liaear  differential  equation  is  obtained  and  is 
simplified  by  means  of  a  perturbation  technique  which  assumes  the 
yielding  to  be  localised  end  loading  to  be  near  the  yield  load* 


00  C3 


Assumed  Stress  Mshrlbutlon 

Some  re  stilts  from  this  theory  are  shown  on  pages  9  and  10 »  In 
these  curves  the  aero  abscissa  corresponds  to  the  position  of 

the  load  o 

Th®  c urvea  on  page  9  show  the  elestic^plastic  interface 

for  various  loading.,  In  the  regions  above  and  below  the  pairs  of 

curves  having  the  same  parameter  e,  yielding  occurs  j  the  region 

between  corresponding  cxmres  is  elastic  <>  <Bie  parameter  e  represen' 

a  small  increase  above  the  load  P0  at  which  yielding  begins..  ®ms 

Pep(Ue)  where  P  is  the  actual  line  load  applied  to  the  ml&<® 
o 

surface  of  the  cylinder  and  measured  in  pounds  per  inch  of 
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The  value  of  €  for  a  particular  load  P  may  be  calculated  from 


€  ss 


1 


2h  (3c; 


where  P  is  defined  above  and 


h 


thickness  of  shell 


0 


r„»JL^ 

*>  o 

knh 


i/h 


R 


radius  of  shell  (to  neutral  axis) 


cQ  yield  stress  in  staple  tension 

The  ordinates  of  the  craves  are  in  terms  of  z/h  where  z  is  the 
distance  from  the  neutral  axis  of  the  shell,  to  the  point  in 
question » 

The  deflection  curve  of  the  steel  and  the  width  of  the 

plastic  region  for  various  values  of  e  is  shown  on  page  10 «  The 

x 

ordinates  are  in  teans  of  the  quantity  fife  Bw  where  fe  and  P  have 

P 

been  defined  and 


w  shell  def3ectiona  positive  inward 
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immmTjm  Bmm  shell  mm  fxlxse 

Reports  TR  1-7#  TR  X-9,  TR  1»H#  TR  1-13#  sad  OH  1-X8 
are  concerned  with  the  interaction  between,  shell  and  filler 0  These 
reports  present  theoretical  and  experimental  work  concerned  with 
various  approaches  to  the  analysis  of  shell-filler  systems 0 

The  work  done  during  the  present  contract  extension  has 
been  experimental  and  is  reported  in  SR  X-l8„  Earlier,  measurements 
during  firing  were  made  of  shell  strains  in  the  vicinity  of  the 
rotating  band  for  a  series  of  filled  and  unfilled  shells;  this  work 
was  reported  in  TR  1-13  *  The  filler  used  in  this  earlier  study  was 
a  EBX  simulant  o  The  maximum  shall,  deflections  as  calculated  from 
the-  measured  strains  were  on  the  order  of  o008  inches  for  both  filled 
and  unfilled  shells  and  it  was  concluded  that  the  filler  gave  no 
support  to  the  shell  walls  <> 

The  experiments  suramartoed  in  the  present  report  were 
performed  as  a  continuation  of  the  earlier  work  briefly  described 
above o  Specifically,  the  purposes  of  the  present  wosfc  were:  1)  to 
develop  techniques  for  measuring  shell  strains  tinder  conditions  of 
full  acceleration,  2)  to  initiate  a  study  of  the  behavior  of  shell 
fillers  under  conditions  of  full  acceleration,  3)  "to  compare  the 
shell  wall  deflections  of  filled  and  unfilled  shells  under 
conditions  of  greater  deflection  than  to  the  previous  series  of 
measurements  <> 

The  materials  used  to  the  experiments  are  listed  below: 

1)  Shell:  M101  machined  to  the  flat  base  form  shorn  on 
page  lli-o  The  initial  dimensions  of  the  shell  are  shown  on  page  15  o 
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A  photograph  of  the  modified  shell  is  shown  on  page  1 £„  She 
rotating  hand  was  not  modified „ 

2)  Filler;  Inert  filler  Do 

5)  Guns  Modified  155  mm  Ml  howitzer  described  in  TB  1-X5, 
a  photograph  is  shown  on  page  17 « 

4)  Instruments ;  Shell  strain  measurements  were  made  using 
SR“4  0-7  electric  strain  gages  »  Chamber  gas  pressure  was  measured 
with  an  HF-1  pressure  gage  installed  in  the  breech  block .  Balanced 
bridge  circuits  were  used  with  both  the  strain  gages  and  the  pressure 
gag e.  Bridge  output  was  received  by  an  Electronic  Tube  Corporation 
four  channel  cathode  ray  oscillograph  equipped  with  high  gain  DO0O 
amplifiers c  The  cathode  ray  traces  were  photographed  by  means  of 
a  General  Radio  35  ebb  strip  camera  * 

A  series  of  eight  shells  was  fired*  Two  circumferential 
strain  measurements  were  made  on  the  Interior  of  each  shell  directly 
under  the  mid-point  of  the  rotating  band* 

Foot  shells  were  fired  at  high  and  four  at  low  velocity 
and  acceleration o  In  each  group  of  four,  two  shells  were  empty  and 
two  were  filled «  By  providing  special  support  for  the  gage  lead 
wires  inside  the  shell,  it  vas  possible  to  obtain  measurements  at 
accelerations  corresponding  to  muzzle  velocities  of  1700  feet  per 
second » 

A  table  of  maximum  strains,  maximum  deflections, 
corresponding  gas  pressures,  and  corresponding  velocities  are 
shown  on  page  l8<> 
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The  thermal  coefficient  of,  expansion  of  unit  filler  D 
was  not  on  record  at  the  Arsenal  but  is  estimated  to  be  approxi~ 
mately  %10  )  inches  per  inch  per  degree  centigrade  when 

averaged  over  the  applicable  temperature  range®  The  shrinkage  of 
the  radius  of  the  filler  as  it  solidified  was  estimated  to  be  on 
the  order  of  ®05  inches® 

In  the  table  on  page  l8  the  strains  end  are  those 
measured  on  the. interior  of  the  shell®  The  magnitude  of  the 
strains  indicates  that  the  shell  in  this  region  was  well  into  the 
yielding  range®  The  maximum  deflections  of  ®0l5  inches  are  twice 
as  great  as  in  the  earlier  series  of  measurements® 

Since  the  shell  deflections  are  considerably  less  than 
the  estimated  shrinkage  of  the  filler,  it  is  not  believed  that  the 
filler  gave  support  to  the  deflected  shell  and  this  is  verified  by 
the  measurements  on  corresponding  filled  and  unfilled  shells® 


mum  cmm  fob  thick  hall  tubes  with  rug  loadbig 

The  determination  of  the  displacement  and  stress  field  in 
a  homogeneous,  isotropic,  elastic,  circular  cylindrical  tube  subject 
to  axi^symmetric  external  loading  requires  the  solution  of  the 
blharmonic  equation 

©  0 
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subject  to  boundary  conditions 
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tangential  stress  components  at  a  point  with  cylindrical  coordinates 
(r,z)  and  r  «  a  and  r  *  b  are  the  external  and  internal  surfaces 
of  the  cylinder#  In.  the  case  of  radial  band  loading  o(r)  is 
prescribed  and  x(r)  B  0# 

The  stress  components  are  calculated  by 
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where  v  is  Poisson’ ”s  ratio,.  The  solution  of  the  problem  (valid 

1 

for  small  deformations)  is  possible  j  however,  it  leads  to  compli¬ 
cated  expressions  ■>  As  a  consequence ,  a  simpler  method,  devised  for 
moderately  thick  cylinders ,  has  been  developed «  This  method  is 
described  in  TH  1-15. 

It  is  believed  ©.at  for  cylinders  having  thickness  to 
average  radius  ratio  greater  than  1/5  the.  results  of  Tft  1-15  would 
be  adequate  for  all  engineering  purposes «  Moreover,  the  theory  of 
elasticity  method  outlined  above  cannot  be  applied  to  cylindrical 
shells  of  finite  lengths,  while  the  simplified  method  of  approach 
can  be-  used  for  this  purpose  e 

Calculations  made  from  theoretical  results  are  presented 
la  TR  1-15.  Three  forms  of  loading  were  x?sed;  a  concentrated  ring 
load,  a  uniform  pressure  acting  on  the  infinite  left-hand  portion 
of  the  shell,,  and  a  uniform  pressure  confined  to  the  region  tj  3. 

on  the  axis  of  the  shell. 


^Earlier  the  problem  was  treated  by  this  method*  However,  the 
results  obtained  required  heavy  computer  work  and,  therefore,  the 
solution  obtained  was  abandoned  in  favor  of  the  method  of  approach 
presented  in  TK  1-15®  Watertown  Arsenal  report  WAL  KOo  893/172, 
brought  to  our  attention  recently,  deals  with  the  above  approach* 

The  solution  of  a  similar  problem  for  a  viscoelastic  cylinder  using 
the  elasticity  method  is  given  in  our  UR  1-11.  Computation  work 
carried  out  in  the  Watertown  Arsenal,  report  is  for  shell,  thicknesses 
that  ere  thicker  than  the  range  valid  for  ©a  analysis  in  TR  1-15* 
Comparison  with  the  Watertown  Arsenal  report  was  made  by  extrapolating 
their  data  to  a  thinner  shell  (see  Fig*  15,  TR  1-15}  «> 
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For  each  tjype  of  loading*  dimensionless  ratios  involving 
the  radial  displacement  and  dimensionless  ratios  involving  the 
circumferential  strain  era  plotted  against  distance  along  the  axis  0 
lit  addition  to  the  graphs*  tables  are  also  presented  which  contain 
precise  values  of  strain  or  deflections  at  various  points * 

In  all  calculations  *  the  following  material  constants* 
parameters,  and  defined  quantities  were  used; 

Young9 s  modulus 

Shear  modulus 
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Sample  tables  and  curves  are  shorn  on  pages  25?  24?  25? 
9,6  s  27?  and  280 


SXMPLOTEB  AHAHTSXS  OP  TWO-PIECE  SHELL 

An  analysis  was  made  of  a  two  piece  shell  described  in 

Pieatinny  Arsenal,  drawings  AA-58-61  (Base)  and  AA»58“33  (Body?  Rear)  0 

This  analysis  is  reported  in  Tff  1-4  o 

Simplifications  were  made  in  the  geometry  of  the  shell  in 

order  to  make  it  more  amenable  to  analysis  <>  The  simplified  shell 

is  shown  on  page  50-  The  region  indicated  by  represents  the 

threaded  section  which  joins  the  pieces „  P  and  P,  represent  gas 

g  b 

end  band  pressure^  respectively »  The  loadings  P  and  P„  on  the 

g  b 

outer  section  of  the  shell  are  transmitted  through  the  threaded 
section  to  tee  inner  section,, 

The  general  procedure  followed  in  the  analysis  involved 
obtaining  solutions  for  the  separate  shell  pieces  and  then  equating 
deflections  at  the  threaded  section  to  obtain  a  complete  solution „ 

In  this  manner  the  value  of  P.fa  at  which  yielding  would  begin  was 
establishedo 

Stresses  due  to  band  pressure  ware  solved  for  two  cases? 
neglecting  the  base?  and  including  the  base0  The  results  are  shown. 
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Ratio©  of  Stress  to  Band  Pressure  at  Inside  of  Outer  Shell 
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on  page  31°  In  this  set  of  curves  the  origin  of  coordinates 
is  at  the  left-hand  edge  of  the  band  seats 


Stresses  to  the  base  due  to  gas  pressure  were  calculated 


for  four  different  conditions  of  edge-  support  0  In  addition,  the 
effect  of  filler  support  upon  the  stresses  to  the  base  was 
considered  and  corresponding  calculations  nsa.de 
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DISCUSSOT 

With,  the  completion  of  the  present  phase  of  a  Research 
and  Development  Study  on  Stress-Strain  Characteristics  of  Shells 
and  High.  Explosives ,  considerably  more . insight  has  been  gained 
into  the  behavior  of  shell-filler  systems® 

The  general  plan,  of  •'die  study  has  been  directed  toward 
ultimately  giving  the  shell  designer  analytical  and  experimental 
tools  which  will  enable  Mm  to  produce  rational,  designs® 

The  analysis  of  shells  and  shell-filler  systems  is 
complicated  by  several  factors,  principal  among  which  ares  the 
inability  to  accurately  obtain  rotating  band  pressures  from 
theoretical  considerations,  the  yielding  of  shell  walls  in  the 
vicinity  of  the  rotating  band,  the  lack  of  information  concerning 
•fee  dynamic  behavior  of  filler  materials,  and  the  lack  of 
information  concerning  the  interaction  between  shell  and  filler® 
At  the  present  time  the  most  reliable  way  of  obtaining 
bend  pressures  is  by  measuring  gun  tube  strains®  Since  this 
information  is  always  after  the  fact,  i„e®,  it  is  not  available 
before  a  shell  is  designed,  it  is  highly  desirable  that-  further 
effort  be  expended  to  develop  analytic  techniques  for  deducing 
band  pressures  associated  with  particular  shell  design®  This 
problem  involves  consideration  of  the  gun-bsnd-shaU-fllier 
system  and,  while  complicated,  it  appears  that  a  successful 
solution  can  be  obtained® 

Yielding  probably  occurs  in  the  vicinity  of  the 
rotating  band  in  most  current  shell  designs  and.  except  for 
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cases  where  the  accompanying  deformation  causes  a  maXfun.ct.toa 
in  an.  Internally  carried  device#  such  yielding  may  he  considered 
a  part  of  "good”  design..  However*  at  the  present  time  the 
designer  has  no  idea  whatsoever  of  the  amount  of  yielding  present 
in  Ms  design.  It  seems  quite  reasonable*  on  the  basis  of  the 
present  study,  that  this  local  yielding  could  be  used  to 
considerable  advantage  if  a  rational  analysis  were  available  . 

For  this  reason  work  was  begun,  on  an  analytic  treatment  of  this 
problem. 

The  effect  of  strain  rats  on  filler  properties  has  been, 
formulated  theoretically  in  terns  of  a  visco-elas tic  solid. 
Solutions  have-  been,  obtained  for  the  case  where  the  filler  is 
not  constrained  along  its  sides  and  for  the  case  of  a  suddenly 
applied  ring  of  pressure.  Experimental  techniques  have  bean 
designed  and  instruments  built  for  measuring  the  material 
properties  repaired  in  the  analysis.  It  is  not  certain,  on  the 
basis  of  firing  strain  measurements  made  up  to  the  present  time# 
that  filler  behavior  is  markedly  affected  (i.e.,  material 
properties  markedly  different)  during  firing.  However, 
experimental  techniques  have  now  been  developed  to  the  point 
where  this  question,  can.  be  answered  and  continued  effort-  should 
result  in  a  successful  conclusion. 

Measurements  to  determine  the  interaction  between  shell 
and  filler  have  resulted  in  the  conclusion  that  even  shells 
having  quite  thin  walls  very  probably  receive,  in  the  region 
of  the  rotating  band,  little,  if  any,  support  from  a  filler; 
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In  fact,  it  is  doubtful  whether  in  many  designs  the  shell  actually 
deflects  enough 'to  apply  any  load  at  all  to  the  fillers  On  the 
other  hand  it  seems  probable  that  the  base  receives  considerable 
support  from  the  filler  and  may,  therefore,  be  of  considerable 
importance  in  the  design  of  the  base*  This  effect  will  receive 
farther  study* 

One  of  the  important  objectives  of  the  present  study  was 
to  establish  whether  the  Arsenal  should  contract  for  the  construe* 
tioa  of  a  trlaxlal  tester  to  be  used  in  connection  with  filler 
materials .  It  is  felt  that  enough  information  has  now  been  obtained 
upon  which  a  recommendation  can  be  based,  and  it  is  recommended  that 
such  a  device  not  be  purchased*  This  recommendation  is  based  on  the 
following  considerations  s  1)  the  bulk  properties  obtained  from 
tri&xi&X  tests  cannot  be  incorporated  in  analysis  based  upon  "the 
theory  of  elasticity*  There  is,  therefore,  no  way  of  incorporating 
In  a  general  analytic  procedure,  infoemtion  obtained  in  this  way* 

2}  Analytic  procedures  for  the  case  of  a  visco-elastic  cylinder 
accelerated  from  one  end  and  a  visco-elastic  cylinder  subject  to  a 
ring  load  have  been  obtained*  An  inexpensive  prototype  of  an 
instrument  for  measuring  the  viscosity  of  filler  materials  has  been 
constructed*  3)  There  is  evidence  that  fillers  may  be  modelled  as 
visco-elastic  cylinders  accelerated  from  one  end*  4)  Experimental, 
techniques  have  been  developed  for  measuring  shell,  strains  during 
high  accelerations  $  these  techniques  may  be  adopted  to  measuring 
filler  deformation  during  firing* 
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It  should  "be  mentioned  that  triaxlal  teste  made  for  the 


purpose  of  investigating  the  vlsco»plastic  behavior  of  materials 
have  important  application,  However*  it  would  not-  appear  that 
such  a  function  presently  would  be  of  great  use  to  the  ordsn.ee 
engineer. 
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